ABSTRACT: In February/March 1983 and 1984 a survey of pelagic fish eggs was conducted in the western Baltic (Kiel Bight), employing a horizontally towed plankton net tl m ~ and 300 ~tm mesh). Maximum egg numbers in the upper meter of the S = 21 x 10 -3 salinity layer were 200-100 m -a. The most abundant eggs were cod (up to 142 eggs. 100 m-3), followed by plaice (up to 74 eggs. 100 m -3) and flounder (20 eggs. 100 m-3). A considerable percentage of embryos of all species displayed aberrant development..In 1983 18 % of cod, 22 % of flounder and 24 % of plaice eggs caught contained defective embryos; in 1984 this number was larger, ranging from 28 % in plaice over 32 % in cod to 44 % in flounder. Early developmental stages showed the highest malformation rates (up to 51% in the case of early flounder embryos). With progressive development, malformations decreased in numbers, being lowest prior to hatching. Highest rates of malformations were recorded in the Mecklenburg Bight in 1983. A second area with high incidence of malformation rates was located south and east of the island of Langeland. Several reasons, including environmental and anthropogenic factors, for the occurrence of malformed embryos in pelagic fish eggs are discussed. The potential of malformation rates in embryos of pelagic fish eggs as a tool for monitoring is considered.
INTRODUCTION
Impairment of reproduction for whatever reason must be considered an alarm signal of utmost concern for an affected species. It may eventually lead to the extinction of a population or even of a species. This has been demonstrated for birds of prey and marine birds in the late 1960s and early 1970s in North America and Europe (Peakall, 1970; Ratcliffe, 1970) , as a result of the widespread use of DDT.
Examples of the consequences of reproductive impairment in fishes include their large-scale disappearance from acidified lakes in southern Norway and North America (Sevaldrud et al., 1980; Beamish & Harvey, 1972; Harvey & Lee, 1982; Haines, 1981) , reduced fecundity through the effects of DDT accumulation on lake trout (Salvefinus namaykush, Burdick et al, 1964) and spotted sea trout (Cynoscion nebulosus, Burdick et el., 1972) , as well as the overall decline in the striped bass population (Morone saxatilis) in San Francisco Bay (Whipple et al., 1981) .
There are various reasons for reproductive failure in aquatic organisms (cf. Westernhagen, 1988) , many of them closely associated with man-made pollution. For teleosts this has been demonstrated with eggs from field specimen incubated in the laboratory (Westernhagen et al., 1981; Hansen et al., 1985; Spies et al., 1985) . Wild parental fish with a high body burden of chlorinated hydrocarbons produced eggs which, after artificial insemination, yielded lower viable hatches than less contaminated eggs. For example, at greater gonad PCB-burdens of 120 ng g-1 (wet wt.), the viable hatch dropped to below 50 % in eggs of flounder and herring. In starry flounder (Spies eta/., 1985) , this level was around 200 ng g-i for gonads. Among eggs that died in early stages of development a large percentage of embryos displayed developmental aberrations before death finally occurred.
On the basis of these findings one also would expect to detect deleterious effects of contamination in naturally spawned eggs in the field. Acutely lethal effects resulting in immediate death of the embryo would eliminate such eggs from the planktonic community as dead eggs do not float. However one would expect to catch eggs exhibiting chronic sublethal effects, resulting in defective embryonic developmer~t, before they ultimately die.
First reports of unusual mortality of pelagic fish eggs in polluted areas came from the investigations of Dannevig (1945) in the Oslofjord. Recently, LongweU & Hughes (1981) also found high malformation rates as well as mitotic abnormalities in mackerel eggs from the polluted New York Bight. Dethlefsen et al. (1985) and Graumann (1986) made similar observations on the frequent occurrence of defective fish embryos in pelagic eggs from the southern North Sea and the central and eastern Baltic. The present investigation on developmental defects in embryos of pelagic fish eggs was conducted in the western Baltic, where flounders for the study conducted by Westernhagen et al. (1981) had been caught, yielding eggs of which a high percentage produced non-viable larvae.
The aim of the present study was to establish the ihcidence of naturally spawned fish eggs with developmental abnormalities, and to evaluate this criterion for its use as a biological effects monitoring tool.
MATERIAL AND METHODS

Catching procedure
In February/March 1983 and 1984, pelagic fish eggs were caught in the western Baltic by the RV "Friedrich Heincke" using a horizontally towed plankton net (1 m ~D, 300 ~m mesh). The net was towed horizontally for 10 rain at a predetermined depth and at a speed of < 1 kn, since high towing speeds of 4 kn or more are known to cause up to 92 % egg mortahty (Southward & Demir, 1974) . Towing depths were chosen according to salinity using data provided by Strodtmann (1906) , K~indler (19491, K~indler & Tan (1965) , and information on the buoyancy of pelagic gadoid and flatfish eggs in the Baltic given by Westemhagen (1970) . As was confirmed experimentally with newly fertilized cod eggs from the western Baltic, a sahnity of 21 • 10 -3, irrespective of temperature, had a high enough density for the majority of the eggs to float. Tows below or above this theoretically determined buoyancy level yielded only insignificant numbers of eggs confirming that towing depths had been correctly identified. The net was towed in the upper stratum of the S = 21 x 10 .3 layer, which, depending on station hydrography (cf. Kandier, 1956; Siedler & Hatje, 1974) , normally was between 5 and 15 m deep. However, at certain stations it was necessary to tow the net directly above the bottom because of hmited depth. Actual towing depth varied • 3 m from the theoretically determined value.
At several stations (cf. Siedler & Hatje, 1974) , salinity did not reach S = 21 x 10 .3 even at the bottom. Yet the operation of the plankton net close to the bottom aIso yielded eggs at these stations. Thus fish eggs were found to be buoyant down to a salinity of 17.5 • 10 .3 at a temperature of 1.0 ~ (Sigma T = 14.9).
Temperature at the towing depth varied between 0.8 and 2.9 ~ (see Siedler & Hatje, 1974) . Immediately after hauling in the catch, which was concentrated in 500 ml of water in the end of the net (plankton beaker), it was poured into a 3-1 glass vessel containing 1.5 1 of temperated seawater at S --25 • 10 -3. After the catch had beenadded, the final salinity was about 22-23 • 10 .3 which allowed all eggs to rise to the surface, where they were sorted for microscopic analysis.
Microscopic analysis
Eggs were examined under a stereo-microscope at 16 and 32 magnifications. Stages of development (Ia-IV) were determined according to Westernhagen (1970) , and are characterized briefly in the following. Ia: Early cleavages and blastodisc; Ib: Gastrulation, epiboly; II" Embryo up to 180 ~ around yolk, head formed; III: Embryo between 180~ ~ around yolk, heart beat, primordial fins present; IV: Embryo between 270o-360 ~ around yolk, tail free, eye pigmentation, body movements. Existing species specific differences in developmental patterns are described in detail by Westemhagen et al. (1970) .
Development was considered defective, if stages (Ia-IV) deviated from normal development and morphological differentiation. Gross abnormalities are shown in Figure  1 for several stages of flounder and cod eggs. More subtle abnormalities including irregular first cleavages (Fig. 1a-b) , gastrulae with loose cell aggregates ( Fig. 1c-e) , bhster-hke outcrops from body axis (Fig. 1f-g ), bent notochords and minor aberrations such as inclusions in early ceils or separate cell-aggregates in the yolk-sac membrane ( Fig. 1h-i) were also considered as examples of abnormal development:
Survival experiments
To investigate the relevance of malformations regarding embryo survival, incubation experiments with batches of eggs from the respective catches were conducted to determine the viable hatch. For this purpose, eggs were incubated in 300 cm 3 of seawater at 5 ~ and S = 25 • 10 -3. Incubation medium was North Sea water (S = 33 • 10 -3) diluted with Baltic sea water of S = 15 x 10 -3 to provide S = 25 • 10 -3. Dead embryos or larvae were removed daily. After hatching was completed, viable hatch (%) was calculated for the different species. For evaluation of the field distribution of malformations, a control chart in the form of Duncan's stabilized p-chart was used. The mean relative frequency (p') of malformations was obtained for a particular item at all cruise stations. That is, the weighted mean of the frequencies at all stations served as the central line of the chart. The differences (D) of the total relative frequencies (Pi to p') were calculated for the stations and expressed in standard deviations, considering the item's actual abundance (ni) at each station, using the formula:
When the resulting difference was beyond the sigma-limit, the station was marked with a symbol (triangle or hexagon), half the height of which was representative of the number of standard deviations it differed from the overall mean rate of all stations. D was calculated only for those stations for which ni exceeded 20. This method of display demonstrates the significance of the deviations from the mean rate observed.
RESULTS
Buoyancy and distribution of eggs
The vertical distribution of eggs, as determined by number of eggs in catches from different salinity strata, confirmed that most eggs floated in water with a sigma T value of at least 17.6 (corresponding to S = 21 x 10 -3, 5 ~ C) at varying depths, depending on the location of the 21 x 10 -3 layer. Since the salinity of surface waters in the Baltic decreases towards the east, the 21 x 10 -3 layer -and consequently the pelagic eggs -sank progressively deeper, eventually reaching the bottom as described by Hensen (1884) . In February 1983, no pelagic eggs were caught east of I~ ~ 00'E due to low salinity. In February 1984, low salinity prevented the occurrence of pelagic eggs east of 11 ~ 30' E.
Overall egg density in the 21 x 10 -3 layer is depicted in Figures 
Egg densities and species abundance
Overall egg densities were highest in the central western Baltic (Figs 2, 5) with maximum numbers of about 200 eggs. 100 m -3 in both years in the same area (54 ~ 40' N; 10 ~ 25' E). Comparing 1983 and , it is evident that overall egg numbers in 1983 were higher throughout the total area of the western Baltic, including large parts of the Bight of Mecklenburg. In 1983, 50 and 100 eggs. 100 m -s were found throughout almost the entire western Baltic basin while in 1984 the area with > 50 eggs. 100 m -3 was considerably smaller.
During both years (1983, 1984) , eggs of 4 species were caught: cod (Gadus morhua), plaice (Pleuronectes platessa), flounder (Platichthys flesus) and fourbeard rockling (Onos cimbnus). Rockling eggs occurred only sporadically and were excluded from evaluation.
Total numbers of eggs caught during the cruises are given in Table I . Cod eggs were dominant in February/March 1983 and 1984, followed in abundance by plaice and Most of the cod eggs were in eaHy developmental stages, the majority being in stage ta (Table 2 ) (for stage definiUon see Westernhagen, 1970) . With regard to plaice, there was a preponderance in 1984 of older developmental stages and in 1983 these stages occurred in relatively high abundance. For flounder, the,informaUon from the plankton catches regarding state of spawning season was somewhat ambiguous, with a high number of old (stage III) flounder eggs in 1983, and I984 stage Ia as the most abundant. In 1984, data on the occurrence of flounder eggs was so meagre that they did not provide a data base large enough for further analysis. ' and Westemhagen (1970) . n = total number; % def = % defective embryos Occurrence of defective embryos Table 1 lists the total number of embryos and the percentage of those displaying aberrant development. In 1983 between 18 % (cod} and 24 % (plaice) of all eggs caught contained defective embryos; in 1984 this number was larger, ranging from 28 % (plaice) to 44 % (flounder}. The early developmental stages usually showed the highest malformation rates (up to 51% in the case of flounder embryos in stage la in 1984}; with progressive development, malformations decreased in numbers, being lowest in stage IV, prior to hatching (Table 2) .
With regard to spatial distribution of aberrant embryos (Fig. 8) , the highest rates of occurrence of malformations were recorded in the Mecklenburg Bight in 1983, particularly in the eastern part (Fig. 8a) . The same pattern was found in 1984, even though the occurrence of pelagic eggs in the Mecklenburg Bight was very low (Fig. 8b) . A second area with high incidence of malformation rates was located south and east of the island of Langeland. In 1983, increased incidence of malformations were also detected off the EckernfSrde Bight (Fig. 8a ). In the years 1983 and 1984, cod and plaice were equally affected throughout these areas (Figs 9, 10). Highest malformation rates were found in stage Ia (Table 2) .
The data base for the occurrence of aberrant flounder eggs was only large enough to allow evaluation in 1983. Except for the frequent occurrence of defective flounder embryos in the Flensburg Bight, no obviously high occurrences of malformations were registered for this species throughout the western Baltic.
Incubation of eggs from plankton catches
Incubation experiments were carried out to test the assumption that microscopically visible aberrations from normal embryo development cause pre-hatching death of the embryo or give rise to non-viable larvae. In these experiments, low hatching success coincided with high malformation rates as determined for the respective stations. Figure  11 shows an example of this correlation. For cod and plaice, the correlation was highly significant (cod: r38: 0.4656, p < 0.01; plaice: r38: 0.7258, p < 0.01), demonstrating the inverse correlation between higher observed malformation rates and lower rates of viable hatch.
Egg mortality
Mortahty estimates for cod and plaice eggs were obtained for 1983 and 1984, calculating mortahty for different stages as well as for the whole period of development. The instantaneous mortality rate (Z) per day was obtained using Nt/No = e -zt (Harding & Talbot, 1973; Bannister et al., 1974) where N --number of eggs present at time O (No) and at time t (Nt); t = duration of stages Ia, Ib, II, III and IV from incubation experiments with Baltic eggs (Westernhagen, I970) . Total cod egg mortality for 1983 calculated on the basis of 19 stations (mean temp.: 2.1 ~ __+ 0.32) was 99.t8 % through all stages, the instantaneous mortality rate (Z) being 0.155 (Table 3) Regarding representativeness of the catches it has to be mentioned that a portion of the variabihty in the results could be attributed to variations in the depth strata covered by the plankton net. Inaccuracy of depth determination during sampling using length and angle of the towing wire led to the net frequently being towed deeper or shallower than intended. In addition, alteration in currents, towing speed and wind during ship operation caused the net to undulate through the water layer. This behavior of the net might have compensated for a potential sampling bias caused by species specific differences in buoyancy as well as the fact that eggs at advanced stages of development being shghtly heavier than younger ones float in deeper water than the young stages. A possible total separation of the different developmental stages was prevented by the intensity of the halocline, which in the Baltic (Belt Sea) is known to be very pronounced (Siedler & Hatje, 1974} . Thus in 1983 the Sigma T at several stations in the central western Baltic was around Sigma T "-5 between 3 m and 5 m depth. At other depths horizons in the Mecklenburg Bight the Sigma T at depths between 15 m and 18 m was above 6. At a large Sigma T, eggs tend to be concentrated in a narrow layer just below the low salinity stratum. In contrast, in water bodies with less distinct or no salinity stratification, eggs are dispersed vertically over a wide depth range as has been described for the vertical distribution of mackerel eggs (Scomber scombrus; Coombs et al., 1981) On the other hand, sampling in a narrow discontinuity layer increases the risk of missing the egg-containing stratum. Hence the undulating path traced by the net may have increased the representativeness of the catches while it led to an underestimation of numerical egg abundance. In fact, abundance of eggs was low in the whole western Baltic, as compared to data from K~ndler (1949) for a typical cod spawning area such as the Bomholm Basin. In the Bornholm Basin at the halocline, cod egg mean numbers of 103 to < 104 per 100 m 3 have been observed (Mfiller & Pommeranz, pers. comm.}, while the highest number of eggs caught during the present investigation was around 200 eggs per 100 m 3 {Figs 2, 5). Even though the grounds around the Vejsn~s Trough are considered to be the main spawning grounds for western Baltic cod (K~ndler, 1949; Thurow, 1970) , and egg concentrations in the general area were elevated (Fig. 3 ) no pronounced peak in egg numbers was detected. This is in contrast with results obtained by K~indler {1949} during the egg surveys between 1925 and 1938, where egg numbers of more than 300.m -2 had been observed. During the present study, cod eggs were distributed in numbers of more than 50 per 100 m 3 throughout the entire area west of the island of Fehmam without pronounced peak occurrences. Presence of pelagic eggs was generally dependent on the existence of a high sahnity (> 20 x 10 -3} layer. In 1984, when bottom water salinity was low in the Mecklenburg Bight and in the Fehmarn Belt, the occurrence of pelagic fish eggs was low in these parts and was confined to locations where isolated water bodies of salinity higher than S = 20 x 10 -3 persisted ( Fig. 5; cf. also Krenkel, 1981} . These findings are consistent with observations made by Kfindler {1949) on cod egg abundance in the Mecklenburg Bight and the work of Thurow {1970} who concluded, that even though indigenous spawning of cod may occur in the Mecklenburg Bight, overall intensity is low. The occurrence of indigenous spawning in the Mecklenburg Bight in 1983 is supported by the fact that the majority of eggs from this area (up to 93 % in cod and 95 % in plaice} was in the very first cleavage stages (Ia). Hence they must have been spawned only recently in this area.
As l=ebruary/March is the main spawning season for cod in the western Baltic (Hensen, 1884; Strodtmann, 1906; Ehrenbaum & Strodtmann, 1904; Thurow, 1970) , most of the cod eggs were at early developmental stages. The peak spawning season for plaice is somewhat earlier than that for cod (cf. also Oray, 1965}, i.e . in January, which was documented by the preponderance {1984) or relatively high abundance (].983} of older developmental stages of this species in the plankton catches ( Table 2) .
The unexpected low numbers of pelagic flounder eggs in the water column corresponded with an observation made in 1984. In an incubation experiment (6 ~ conducted with 67 pairs of flounders caught in the Kiel Bight, of 67 successfully fertilized and developing egg lots (67 females x 67 males) only 44 produced eggs that floated at a salinity of S = 25 • 10 -3. This phenomerion was.unusual, since at this salinity/temperature combination water density is around 20.8, which from previous investigations should allow flounder eggs to float. Vertical distribution of eggs followed that observed by K~indler & Tan (1965) for pelagic fish eggs in the western Baltic. Cod, plaice and flounder eggs were found mainly in the 21 x 10 .3 layer, which is typical for western Baltic pelagic fish eggs. Eggs from the eastern part of the Baltic still float at salinities of 16 x 10 -3 and lower (Strodtmann, 1906; K~indler & Tan, 1965) since egg density does vary in relation to the salinity to which the adults are acclimated. This does not imply total absence of eggs from these stations, because former investigations (Hensen, 1884; Strodtmann, 1906; Mielck & Kfinne, 1935; K~indler, 1949) have shown that eggs could be found lying on the bottom when there was no high sahnity to support pelagic eggs. Such eggs escape detection by the samphng method employed.
Occurrence of defective embryos and egg mortality
The prevalence of defective embryos was about 20 % of the total in 1983 and roughly 30 % in 1984. Earlier stages showed higher rates of developmental failure than more advanced stages (Table 2 ). In flounder embryos up to 51% of the earhest stage (Ia) were affected. Hence differential mortality may lead to a greater reduction in the incidence of visibly affected embryos. Throughout development a large percentage of the abnormal embryos in stage Ia die off before reaching a later stage, thus the rate of visibly affected embryos decreases in the course of further development.
There is httle information available on the prevalence of developmental failures in naturally occurring fish embryos. Yannopoulos & Yannopoulos (1981) described malformations in the eggs of Sardina pflchardus and Engraulis enchrasicolus with ensuing embryo mortality for the Saronikos Gulf in the Aegean Sea. Up to 11.6 % (S. pilchardus) and 9.2 % (E. enchrasicolus) suffered from malformations. Although the authors speculated on chmatic causes, no adequate explanation for this phenomenon could be given. For the Baltic from the Bornholm area to the Gulf of Finland, Grauman (1986) observed the occurrence of abnormal cod and sprat embryos in the years 1979 to 1982 in the advanced stages II-III. The mean incidence of abnormal embryos was 36 %; in sprat eggs, 25 % of all embryos were malformed. Grauman (1986) observed malformations in eggs particularly in later (II-III) stages and described severe morphological anomalies such as curvature of the body axis, twinning and body disproportions as the most common phenomena. Graurnan (1986) discussed pollution of the Baltic (oil pollution) as a potential reason for the high malformation rates observed.
Looking at the spatial distribution of malformation rates during our studies (Fig. 8a,  b) we notice that in both years centres of high prevalences of malformations occurred in the Mecklenburg Bight and south of the island of Langeland. In 1983, additional centres were located off the Eckernf6rde Bight and east of the island of Langeland. Either natural or man-made factors may be responsible for the occurrence of considerable amounts of defective fish embryos. Among natural factors, physical parameters such as temperature, salinity and oxygen may be suspected to cause embryonic abnormalities. Several investi-gations have shown that low salinity and high temperature (Westernhagen, 1968 (Westernhagen, , 1970 (Westernhagen, , 1974 Porrester & Alderdice, 1966; Alderdice & Porrester, 1968 may cause considerabIe aberrations or death in developing fish embryos. Dead pelagic fish embryos have been frequently recorded from plankton catches in the Baltic (Apstein, 1911; Heinen, 1912; K~ndler, 1938) and Heinen (1912) suggested that low sahnity (7.15 x 10 -3) caused the death of the embryos. However, these reports should be taken with considerable caution: dead eggs do not float; only unfertilized eggs at low temperatures may float for several days. In addition, as a result of high sensitivity to mechanical damage embryos are hkely to die from injuries afflicted in the process of catching [cf. Southward & Demir (1974) , the towing speed being > 4 kn]. Results obtained by Rollefsen (1932) on cod egg susceptibility to mechanical stress lead to the same conclusions.
In the present study, low salinity is unhkely to have caused the high rates of observed abnormalities, as salinity of the water from which the eggs were taken was usually between 20 and 21 x 10 -3 (towing level of net). Whenever this salinity was not reached, the lowest value measured was S = 17.5 x 10 -3. For the incubation of Baltic cod and plaice eggs, 20 x 10 -3 is the optimum salinity and at 17.5 x 10 .3 viable hatch is not adversely affected (Westemhagen, 1970) . Besides, the station with the lowest salinity (17.5 • 10 -3) which still yielded eggs had a low rate of malformations (3.5 SD below the mean). The fact that malformation rates in fish eggs from the North Sea also are high (Dethlefsen et al., 1985) compared to those from the Baltic excludes the possibility that low salinity is a major cause for malformations in embryos from the Baltic.
High temperatures, known to cause malformations in marine winter spawners, are well above those (> 8 ~ recorded in winter in the Baltic (1~ ~ Thus temperature was not hkely to have caused the observed malformations:
Oxygen concentrations in the open water column of the Belt Sea in spring do not drop to biologically critical levels below 2 ml-1 -t (Reimers, 1976) , and even in the deeper areas of the Arkona deep (> 40 m) from January to March oxygen concentrations are between 4.6 and 6.4 ml.1-1 (Engstr6m & Fonsehus, 1983) , levels which ahow normal development in teleosts (Braum, 1973) . Thus other causes for defective development must be sought.
Man-made pollutants remain as potential factors that could contribute to the observed malformations in pelagic fish eggs. Pollutants may act in two ways on the embryo: (1) through accumulation of toxicants in the parental gonads and (2) by effects on the embryo through the incorporated substances. Westemhagen et al. (1981) have shown that the first possibility may occur in Baltic flounder, whose gonads had a high PCB burden. Viable hatch from these gonads was low (< 50 %) due to faulty development of embryos and high embryo mortahty. Similar effects are known from Baltic herring, Clupea harengus (Hansen et al., 1985) , striped bass, Dicentrarchus labrax (Westin et al., 1985) and North Sea whiting, Merlangius merIangus .
Another mode of effect may be through the impact of pollutants in the water directly on the embryo. Yet levels of pollutants actually present in the water column, particularly chlorinated hydrocarbons (Br/igmann & Luckas, 1978) , are considered too low to cause acute effects on embryo survival (cf. Westemhagen, 1988) . Such low levels, to be active, could act through biomagnification. If this is accepted, then the spatial distribution of malformations involving at least the two areas -south of the island of Langeland and the Mecklenburg Bight - (Figs 8, 9, i0) in the western Baltic, calls for detailed investigation of the reasons for this phenomenon. The question, then arises: what are the connections between parental fish and the regional distribution of eggs and malformed embryos?
Migratory activities and currents
Investigations of Bagge (1961) , Berner (1968) and Thurow (1970) show that the spawning stock of cod in the Kiel Bight is highly stationary and no pronounced spawning migration takes place. Currents in the Western Baltic are more of a regional, small-scale character, induced by local wind forces (Dietrich & Schott, 1974; Siedler & Hatje, 1974) , and large-scale transportation through the Belts is limited to surface water.
Thus, the eggs collected in the south-eastern part of the Kiel Bight must originate from spawners of that area, plus those immigrating 'from the Mecklenburg Bight (Thurow, 1970) . Embryos from the north-eastern part of the area were generally in better condition than those from the south-eastern waters. Since the main water movements in the Baltic are characterized by inflowing deep water of high salinity and outflowing surface waters of low salinity (Dietrich & Schott, 1974) , we believe that a considerable part of the egg population north-east of the Langeland-Kiel transect (Figs 8, 9 , 10) could have been transported by high salinity water from the less polluted waters of the Kattegat into the Baltic, since eggs of the species under question from the North Sea show a lower prevalence of malformations than those from the Baltic (Dethlefsen et al., 1985 . The implication of the spatial distribution of malformation rates in the Baltic is not clear but it does not contradict the theory that spawners from the Kiel Bight produce more malformed embryos due to bioaccumulated pollutants that found in the inflowing waters from the Kattegat. Malformation rates noted in the area south of Langeland may be particularly high due to the fact, that this area is a major spawning ground, and malformation rates in freshly spawned eggs (early development) are always found to be higher than in later stages. A similar situation prevails in the Mecklenburg Bight, suggesting that the parental fish from both regions produce "poor quality" eggs, probably due to pollution. This question needs to be examined in more detail, employing specially designed incubation experiments with parental fish from selected areas in conjunction with chemical residue analysis.
Effects on recruitment
From preliminary experiments with defective embryos from the North Sea we know that the malformations observed were to a large extent (85 %) lethal (Westemhagen, unpublished data}. The question then arises whether defective embryonic development may add significantly to natural mortality in the field, even to the extent that recruitment might be affected. We recall that total mortality during the embryonic phase, estimated on the basis of observed changes in proportions of the successive developmental stages, was 99.18 % in cod and 99.79 % in plaice for 1983 and 96.39 % for cod in 1984. These figures are nearly identical to those determined by Wieland (1987) for cod eggs in the Bornholm Deep. Figures reported by Harding & Talbot (1973) and Bannister et al. (i974) for the eggs of North Sea plaice (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) were considerably lower (ca 50-80 %) than those we determined for the Baltic in 1983 (99.79 %). High rates of natural egg mortality are known also for other marine species such as North Sea sole, Solea solea {97.35 % at 13.09 ~ Riley, 1974} or Pacific sardine, Sardinops caerulea (95 %~ Ahlstrom, 1954) .
Assuming natural mortality to be generally high, and considering for argument's sake that the defective embryos for 1983 and 1984 were normal, would increase survival rates for cod by 22.0 % {1983} or 33.8 % (1984} (Table 2 ) giving a total egg survival of 1.06 % in 1983 (instead of 0.82 %) and 5.45 % in 1984 instead of 3.61% (see Table 3 ). These increases are probably too small (in terms of biological significance} to cause a detectible impact on recruitment (the high mortality in the larval phase not having been considered}. In North Sea plaice, for example, differences of several orders of magnitudes in egg and larvae numbers between year classes are known to be required to cause a measurable impact on recruitment (Bannister et al., 1974) . We suspect that the particularly low egg mortality occurring in 1963 (around 50 %), probably in conjunction with good larval survival, could have been responsible for the generation of a strong year class:
On the other hand, current overfishing of the economically most important species in the western and central Baltic (Tiews, 1986~ Weber, 1987 ) (exception at present: herring} has lead to a severe depletion of stocks, especially cod, and it is feared that spawning stock size has been noticeably reduced {Tiews. 1986). Thus even a small impact on larvae production, as demonstrated during the present study -insignificant in an unstressed fish population -may in the case of the overexploited Baltic stocks eventually lead to reduced recruitment.
Defective embryos as a monitoring tool
The occurrence of large numbers of defective embryos in the sea may be considered an abnormal phenomenon that has arisen only in the near past due to increasing anthropogenic input into the sea. Earher investigators such as Strodtmann (1906}, Jacobsen & Johansen (1908}, Heinen {1912}, Mielck & Kfinne (1935} and others probably would have noticed above-normal defective egg development rates, particularly in the early stages. The only information available from the past is the relatively large number of dead eggs in plankton hauls as for example reported by Apstein {1911}, Heinen (1912) , Rollefsen (1930) and Pommeranz (1973) , but as mentioned earlier we consider this an artifact due to fast towing {5 kn~ Pommeranz, 1973} or other faulty handling. Thus, unfortunately, no systematic records exist of in situ abnormal egg development from former years.
Information on defective egg mortality in naturally spawned eggs in the sea is provided by the recent investigations of Graumann (1986) from the Baltic and our own work {Dethlefsen et al., 1985 from the North Sea. These studies report high prevalence of irregular or defective embryo development. For the North Sea, areas with high rates of malformations (up to 50 % in whiting embryos} were located off the mouths of the Rhine and Elbe rivers, both highly polluted areas, and in the vicinity of the German and Dutch dumping areas for wastes from TiO2 production.
Investigations in the New York Bight (Longwell & Hughes, 1981~ Longwell et al., 1984} on the occurrence of gross embryo malformations in the eggs of Atlantic mackerel (Scomber scombrus) eggs also demonstrated a high correlation between abnormal egg development (including cytogenetic aberrations} and pollution of surface waters. These authors stressed the usefulness of fish eggs for measuring sublethal effects of pollution on reproduction in the field. In their material, aside from the physical parameter salinity, aromatic hydrocarbons and chlorinated compounds in the water mass acted as primary variables associating with all developmental stages of mackerel embryos (Chang & Longwell, 1984) , influencing the occurrence of malformations and cytogenetic abnormalities.
Therefore, it appears that occurrence of developmental abnormahties in developing fish embryos in areas free of extreme hydrographical conditions may serve as an indication of the state of the marine environment. This is hkely to be so, provided the hydrographical situation in the area under question allows for the interpretation of the origin of water bodies, and the migratory activities of spawning populations are well understood. For monitoring studies, and for the examination of the potential correlation between observed incidence of malformations and environmental pollution load, simultaneous chemical analyses of embryos or gonads of parental fish from the respective area are desired. For optimization of the method, the standardization of sampling procedures and the assessment of embryonic malformations should be given further attention.
This article contains parts of a doctoral study by P. Cameron in the Faculty of Biology, Hamburg University.
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